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DISCUSSION
Although the FOV is equally prone to errors as the workspace technique, participants preferred the FOV technique. Post-study interviews suggest that participants felt to control the FOV technique took less effort. One participant described the main advantage of the FOV over the other techniques: "The region is always there where I need it". Moreover, participants reported that they were able to more quickly become aware of the results of an undo action because, as another participant described, "it must be somewhere close to me". Despite the users' clear preference toward the FOV technique, all techniques produced some undesirable results. Therefore, we propose following improvements to reduce undo errors.
Improving Automatic Regional Undo/Redo Techniques
Our implementation of the FOV technique only tracked the position of a body. This implementation provided reasonable control over the undo region, however, tracking head [4] and, in particular, eye movement, would improve this technique. This may reduce errors of incorrect position and possibly also those of size. But FOV tracking depends on additional hardware that may not be available or feasible for every setup. In such cases improved clustering or workspace based techniques are also reasonable.
Clustering:
The results of the study indicated that participants expected more fine-grained clustering, like in [18] . One way to address this would be to use lattice grouping to provide different levels of clusters [23] . Such approach, however, would also increase the complexity of cluster selection. Furthermore, an ideal clustering technique would need to comply with the way people structured content in their mind, like described in Gestalt laws of grouping [12] . Despite this, the lack of persistent visual feedback is clearly an open problem in this technique. Also it could be easily done by showing the boundaries of clusters all the time, it would change the visual structure of an application and may also put too much emphasis on undo/redo functionality.
Workspace: Another potential improvement would be to combine clustering and workspace techniques. Visualization of the workspace was highly appreciated by participants. The main sources of undesirable undo behavior resulted from the workspace size not matching participants' expectations and the need to manually modifying its location. Locking its position was especially problematic. Combining the workspace and clustering techniques would enable the size of a workspace to be automatically adjusted, based on nearby clusters.
Regional Undo/Redo Design Recommendations
Summarizing we propose the following design recommendations which are based on the lessons learned from development of our regional undo/redo techniques and user feedback from both user studies:
 Visualize extents of regions: The position and extents of an undo region must be clear to the user. Therefore, it is essential to visualize them.  Minimize users' effort: Regional undo/redo should require as little user effort as possible (in comparison to global or personal undo), especially when a user wants to correct a mistake.  Minimize visual overhead: Though undo is a valuable feature, it is not the main application functionality and, thus, visual overhead should be minimized.  Provide additional manual control: Automatic regional undo techniques can handle most undo cases. When users experience limits, however, manual control of the undo region should be provided. Automatic and manual regional undo can easily be combined, for example by enabling undo/redo on a user selection. But manual controls must be clear and simple to use.
LIMITATIONS
This paper is a first step exploring the area of undo/redo on large interactive surfaces. Hence, the tasks included in the evaluation were intentionally contrived to present opportunities to test the limits of the techniques under study in an efficient manner. However, these tasks were designed to emulate aspects of common collaborative work scenarios on an IWB. While we recognize that different types of collaborative work activities may occur, especially during long work processes, we feel the included tasks provide a good starting point for understanding at least the common usage scenarios of undo/redo on an IWB. However, further study is warranted in a more naturalistic setting with real task groups performing real-world tasks. We also limited our focus to text input on an IWB, because this activity often produces errors. Nevertheless, IWBs are frequently used for digital drawing. We believe, however, that study results will also apply to those use cases. Furthermore only a limited set of commands (add and remove) were used in this study. Further study is necessary for commands with a larger impact on the visual structure such as movements or automatic sorting. Moreover, as this work is mostly focused on vertical displays further study is warrant for tabletop displays.
CONCLUSION AND FUTURE WORK
In this paper, we investigated undo and redo for co-located collaborative work on large vertical surfaces, supporting both collaborative and individual work. We first conducted a background study, which showed that regional undo, which only applied undo/redo actions to localized content, was most consistent with users' expectations in such an environment. Thus, we developed several regional undo techniques (clustering, workspace, and FOV) that each provide different potential regional undo solution. We then evaluated the developed techniques in an initial user study. The study revealed that users strongly preferred the FOV technique, while making significantly more errors with the clustering technique compared to either the workspace or FOV technique (which produced similar error rates). Based on the study results, and lessons learned in developing the evaluated techniques, we suggest improvements to these techniques, and recommendations regarding the design of regional undo techniques on large interactive surfaces.
In the future, we are interested in exploring regional undo techniques in mixed co-located and distributed cooperative work scenarios. We also plan to investigate the use of largescaled eye tracking for refining the FOV technique. There are also additional topics related to undo/redo that were not discussed in this paper. For example, undo granularity is an important design consideration to providing effective undo functionality [1] . Finally, we plan to investigate the question, if regional undo, in general, can be substituted by a different method of undo, such as an "intelligent" group undo where the systems recognizes group or individual work regardless of regions on the display.
